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An association has been established between exposure to asbestos and the 
occurrence of cancers of the respiratory tract. The risk of bronchogenic ^ 
carcinoma (70^90 fold increase) is substantial in asbestos workers who' smoke, 
whereas a relatively small increase in neoplasms (2-4 fold) is observed in 
non-smoking workers. A striking synergistic effect on tumor induction also 
is observed when asbestos and polycyclic aromatic hydrocarbons (i.e. PAH, 
chemical carcinogens found in cigarette smoke) are inhaled or instilled 
intratracheally into rodents. Because studies in whole animals have failed 
to provide insight into possible mechanisms of syndergism, we have developed 
techniques for studying the interactions of asbestos and PAH with cells of 
the tracheobronchial epithelium in organ and monolayer culture. To determine 
the sequence of neoplastic events occurring in the respiratory tract after 
exposure to these agents, the radioactively tagged PAH, Benzo(a)pyrene (PB) 
was adsorbed by evaporation onto crocidolite fibers and precipitated on the 
epithelial surfaces of tracheal explants for 1 hour. Control tissues were 
exposed to asbestos alone. Thereafter, morphological changes in vitro were 
monitored at weekly intervals after preparation of tissues for light and 
electron microscopy. After 4 weeks, tracheal explants were grafted subcu¬ 
taneously on syngeneic hamsters to document their tumorigenicity. Tumors, 

■ the majority of which were carcinomas, appeared in a dosage dependent fashion 
from implanted tissues exposed to asbestos and PAH, whereas neoplasms were not 
found in' tracheas exposed to asbestos alone. 

A medley of -approaches were used to study the interactions of BP and 
asbestos with tracheal epithelial cells iri vitro . Autoradiography and scin¬ 
tillation spectrometry showed the rapid transfer of BP from both chrysotile and 
crocidolite fibers into the interior of the cell. Fibers interacted with 
cellular membranes and were phagocytized by tracheal epithelial cells. When 
BP was coated onto both types of asbestos before its addition to cultures, 

70% of the total BP introduced entered the cells with 1 hour; 50% remained 
intracellularly after 8 hours. In contrast, if identical amounts of BP were 
added to medium, an initial influx of 50% was observed and cells retained' only 
5% of the initial amount at 8 hours. The integrity of BNA was monitored by 
alkaline elution after exposure of tracheal cells to asbestos, BP and BP adsorbed 
to asbestos at various concentrations. Single-strand breakage was observed 
: with use of BP, but neither chrysotile nor crocidolite alone. Moreover, BP- 

coated asbestos did not increase strand breakage in excess of the amounts induced 
with BP alone. 

After exposure to crocidolite asbestos, increased synthesis of DNA and 
polyamines and the development of squamous metaplasia are observed in the tracheal 
epithelium. Although asbestos alone appears to be non- or weakly carcinogenic 
to tracheal epithelial cells, it facilitates the transfer of PAH into the cell and 
induces proliferative alterations that might be intrinsic to the induction and/or 
development of tumors. Supported by grant 00888 from NIOSH and grant CA 23514 
from NCI. 
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